



Version of attached file:
Accepted Version
Peer-review status of attached file:
Peer-reviewed
Citation for published item:
Nguyen, H. H. and David, C. and Qin, S. and Chin, W.-N. (2007) ’Automated verification of shape and size
properties via separation logic.’, in Proceeding of the 8th international conference on Verification, Model
Checking and Abstract Interpretation (VMCAI 2007). Berlin: Springer, pp. 251-266. Lecture notes in
computer science. (4349).
Further information on publisher’s website:
http://dx.doi.org/10.1007/978-3-540-69738-118
Publisher’s copyright statement:
The original publication is available at www.springerlink.com
Additional information:
Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or charge, for
personal research or study, educational, or not-for-profit purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in DRO
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full DRO policy for further details.
Durham University Library, Stockton Road, Durham DH1 3LY, United Kingdom
Tel : +44 (0)191 334 3042 — Fax : +44 (0)191 334 2971
http://dro.dur.ac.uk
  
Durham Research Online 
 
Deposited in DRO: 






Accepted for publication version 
 
Citation for published item: 
Nguyen, H. H. and David, C. and Qin, S. and Chin, W.-N. (2007) 'Automated verification of 
shape and size properties via separation logic.', in Proceeding of the 8th international 
conference on Verification, Model Checking and Abstract Interpretation (VMCAI 2007). 
Berlin: Springer, pp. 251-266. Lecture notes in computer science. (4349). 
 
Further information on publishers website: 
http://dx.doi.org/10.1007/978-3-540-69738-1_18 
 
Publishers copyright statement: 














The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior 
permission or charge, for personal research or study, educational, or not-for-profit purposes provided that : 
 
 a full bibliographic reference is made to the original source 
 a link is made to the metadata record in DRO 
 the full-text is not changed in any way 
 
The full-text must not be sold in any format or medium without the formal permission of the copyright holders. 
 
Please consult the full DRO policy for further details. 
 
Durham University Library, Stockton Road, Durham DH1 3LY, United Kingdom 






6787961:<;>=?@78A@BDCFEHGJILKM;ONQPM; CR:TS:HUV;OW8X<GJYVZ8BDC8?\[]ZR:<^`_1; CRa<GR:<CRWb'BD; cd=?\:<CILZ8; CFE]e X
f`g,hji2k\l@mQnMoqp<r]s n]t\r]nuvoQhjwDoyxDi2i2njzVp<s t\wHxDk{hDoQnM|~}~L  s xDt\r]n
`








n]dk\s mQnmQ\n]s ok{hjk\l\ xﬀoQs m2xDtV´2s i2k{hDodmyxDt\r]njzk{hjs tmQnMod|ªµVxDdn´¶k@oQhD|
wDoyxDi2&oQn]i&xDs t4x$i&x·~hDoryVxD  n]t\wjn`OhDoTk@oQhjwDoyxDi¸HnMoQs ¹VrxﬀmQs hjtRºt'mQ\s kVxﬀ|
k{nMozj»nLk@oQhjk{hjdnLxDt&xDl@mQhji&xﬀmQn´HnMoQs ¹VrxﬀmQs hjt2~@~mQn]i¼mQVxﬀm>s ,r]hjt\r]s dnjzk@oQn]r]s dn
xDtV´9nM½@k@oQn]dds Hn2OhDo2n]t\dl@oQs t\w¾mQ\n&QxﬀOnMm9hDqk{hjs tmQnMod|ªµVxDdn´$k@oQhjwDoyxDi2]º>¿ql@o
xDk\k@oQhHxDryl\dn]¶À<Á]ÂyÃMÄÅÂOÆÈÇ{ÉHÊ]Ë ÂdVxDk{n¶k@oQn´@s rxﬀmQn]qmQhxD  h»Ìk@oQhjwDoyxDi2i2nMoQLmQh
´@n]drMoQs µ{nx»s ´@noyxDt\wjnhDv´\xﬀmyx1~mdoQl\rMmQl@oQn]»s mQmQ\n]s oxDddhr]s xﬀmQn´Tds Í]nk@oQhjk@|
nModmQs n]]ºJh#dl\k\k{hDodm&xDl@mQhji&xﬀmQs rTHnMoQs ¹VrxﬀmQs hjtRzÈ»n¾´@n]ds wjtÎxt\nM»Ïn]tmyxDs  i2n]tm
ry\n]ryÐ<s t\w9k@oQhr]n´@l@oQn¾mQVxﬀmrxDtÑVxDtV´@ n$ÒÂMËOË Ä Ó]ÔDÀ<Ç{ÅÂdÅ`s tV´@l\rMmQs Hn¾k@oQn´@s rxﬀmQn]
l\ds t\w¾À<ÇÓ]ÔjË ÅMÕÓ]ÔjË ÅoQnxDdhjt\s t\w@º#Ö$n1VxHnk@oQhﬀHn]tTmQ\ndhjl\tV´@t\n]dxDtV´TmQnMoQi2s |
tVxﬀmQs hjtThDÈhjl@oHnMoQs ¹VrxﬀmQs hjtT~@~mQn]iTz\xDtV´VxHnµ\l\s  mLxk@oQhDmQhDm@k{n~@~mQn]iTº
× Ø\ÙLÚ{Û8ÜÝ1Þ1ßJÚ8àQÜLÙ
ádCTKMBj[ﬀBDC\PA@Bj:<K]NDGNyBDâR:<K]:PM; ^@Cã ^@?@;O[qZR:@NBDäTBDKM?@BjW:@N:2[ﬀ^@C\PMBDCRW{BDKå§^@Kå§^@KMä¾:<ã{KMBj:@Ny^@C8; C8?
^<åÈZ8Bj:<â{c~ä¾:<C8; â878ãO:PM; C8?2; äTâJBDK]:PM; U@Bâ8KM^@?@K]:<ä¾NDæ<b¼Z8; ã BPMZ8Bå§^@78CRW8:PM; ^@CRN^<å>NyBDâR:<K]:PM; ^@C
ã ^@?@;O[qZR:HU@BçJBDBDCTãO:<;OW; C¾NyBDäT; CR:<ã{âR:<âJBDK]NçVAèBDAVC8^@ãOW8Né êëjìR:<CRWáQNQPMZ8;O:@í&:<CRW`îï 6Bj:<KMC
é êjðì~GvC8BDñò:<7{PM^@ä¾:PMBjWóKMBj:@Ny^@C8; C8?PM^V^@ãON¶çR:@NyBjWó^@CÎNyBDâR:<K]:PM; ^@Cå§^@KMä78ãO:<B@GÈNy7R[]ZÎ:@N¾é ô{G
õ
ì~G{:<KMBçJBD?@; C8C8; C8?PM^T:<â8âJBj:<Kjæ8YVBDU@BDK]:<ãFä¾:öQ^@K[]ZR:<ã ã BDC8?@BjNq:<KMB1åª:@[ﬀBjWçVATPMZ8B2W{BjNy; ?@C8BDK]N
^<åNy7R[]Z$KMBj:@Ny^@C8; C8?¾NyA{NQPMBDä¾NDG8; CR[ﬀã 7RW{; C8?¾÷@BDA;ONMNy78BjN^@C4øù{údûü¾øúýªûþ:<CRWÑß Mßý	jý ú
æ
Z8;ONâR:<âJBDKjï Nä¾:<; C$?@^\:<ãv;ONPM^`K]:<;ONyBPMZ8B2ã BDU@BDãÈ^<åB{â8KMBjNMNy; UV; PQA`:<CRW$U@BDKM; J:<ç8; ã ; PQA¾PMZR:P
;ONqâJ^\NMNy; ç8ã B1ñ; PMZ$:<C#:<7{PM^@ä¾:PMBjW¾U@BDKM; J[D:PM; ^@C`NyA{NQPMBDä çR:@NyBjW`^@CNyBDâR:<K]:PM; ^@C`ã ^@?@;O[<æ\b'B
ä¾:<÷@BPMZ8B¶å§^@ã ã ^ñ; C8?PMBj[]Z8C8;O[D:<ã>[ﬀ^@C\PMKM; ç87{PM; ^@CRNLPM^ñ:<K]W8NLPMZ8;ON^U@BDK]:<ã ãJ?@^\:<ã

b'Bâ8KM^UV;OW{B:8øRßMßý]øúdßRßﬀý ]øúýªûþ1äTBj[]ZR:<C8;ONyä PMZR:P,[D:<C2[D:<â{PM78KMBL:ñ;OW{B
K]:<C8?@B^<åRW8:P]:NQPMKM7R[PM78KMBjNvPM^@?@BﬀPMZ8BDK>ñ; PMZNy; ﬀDBâ8KM^@âJBDKyPM; BjNDGLNy7R[]Z&:@NvU:<KM; ^@7RNÈZ8BD; ?@Z\Pyc
çR:<ãO:<CR[ﬀBjW'PMKMBDBjNDG>â8KM; ^@KM; PQAóZ8Bj:<âÈG,Ny^@KyPMBjW'ã ;ONQPjG,BﬀP][<æ>b'Bâ8KM^UV;OW{B`:9äTBj[]ZR:<C8;ONyäPM^
Ny^@78CRW{ã A`:<â8â8KM^ﬁ{; ä¾:PMB1Bj:@[]ZNyZR:<âJB¶â8KMBjW{;O[D:PMB1çVA`:Z8Bj:<â{c~; CRW{BDâJBDCRW{BDC\P2ý þﬂøﬃýªøþRú
ñZ8;O[]Z$â8ãO:HA{N:<C$; äTâJ^@KyP]:<C\PKM^@ã B¶; C#BDC\P]:<; ã äTBDC\P1[]Z8Bj[]÷V; C8? YVBj[DN1ô:<CRW"!Ræ êﬁ#æ

b'B'W{BjNy; ?@CÌ:ÑC8BDñ â8KM^{[ﬀBjW{78KMB9PM^ []Z8Bj[]÷ BDC\P]:<; ã äTBDC\P#^<åNyBDâR:<K]:PM; ^@C Z8Bj:<âÌ[ﬀ^@C{c
NQPMK]:<; C\P]NDæ$Z8;ONâ8KM^{[ﬀBjW{78KMB7RNyBjNù{þ&%ﬀûﬃ' (ﬁ%ﬀûﬃ' TKMBj:@Ny^@C8; C8?¾PM^9W{Bj:<ãñ; PMZÎNyZR:<âJBTW{Bﬀå c
; C8; PM; ^@CRNDæb¼Z8; ã B9PMZ8B978C{å§^@ãOW*)jå§^@ãOW äTBj[]ZR:<C8;ONyä ;ON¾C8^<P`C8BDñ2GñqB9ZR:HU@B$;OW{BDC\PM; RBjW
Ny7,+`[ﬀ; BDC\Pq[ﬀ^@CRW{; PM; ^@CRNå§^@KqNy^@78CRW{C8BjNMN:<CRWPMBDKMäT; CR:PM; ^@C¾^<åÈ:<7{PM^@ä¾:PM;O[78C{å§^@ãOW*)jå§^@ãOW
KMBj:@Ny^@C8; C8?óPM^4Ny78â8âJ^@KyP`BDC\P]:<; ã äTBDC\P`[]Z8Bj[]÷V; C8?RG; C PMZ8Bâ8KMBjNyBDCR[ﬀB$^<å¶7RNyBDKycdW{BRC8BjW
NyZR:<âJB2â8KMBjW{;O[D:PMBjNLPMZR:Pä¾:HA`çJB2KMBj[ﬀ78K]Ny; U@B@æ$YVBj[DN.-8æ ê@G/!`:<CRW 01#

b'BZR:HU@B; äTâ8ã BDäTBDC\PMBjW2:â8KM^<PM^<PQAVâJBU@BDKM; J[D:PM; ^@C¶NyA{NQPMBDä ñ; PMZ¶PMZ8B:<çJ^U@Bå§Bj:PM78KMBjN
:<CRW#ZR:HU@B¶:<ãONy^Tâ8KM^U@BDCçJ^<PMZ$; P]NNy^@78CRW{C8BjNMN:<CRWPMBDKMäT; CR:PM; ^@C2YVBj[DN43¾:<CRW9ë5#æ
6 798;:ÈÛ/<ﬃ=>:$?¶Ù.@BACD:FE4G.@BHI:KJóÛL:>Ý1àyß@,Ú,:8
YVBDâR:<K]:PM; ^@C#ã ^@?@;O[Té êëVGﬀêjðìÈBVPMBDCRW8N16^\:<KMBã ^@?@;O[PM^`Ny78â8âJ^@KyPKMBj:@Ny^@C8; C8?T:<çJ^@7{P1NyZR:<KMBjW
ä7{P]:<ç8ã B`W8:P]:$NQPMKM7R[PM78KMBjNDæÈá~P:@W8W8N¶PQñq^$äT^@KMB¾[ﬀ^@C8C8Bj[PM; U@BjNPM^[ﬀãO:@NMNy;O[D:<ãã ^@?@;O[">NyBDâ{c



















PMZ8B2BVPMBDCRW{BjW#Z8Bj:<âÈæ{ádC#PMZ8;ONâR:<âJBDKñqB¶7RNyB2^@C8ã ANyBDâR:<K]:PM; C8?T[ﬀ^@CöQ78CR[PM; ^@CÈæ
b'BTâ8KM^@âJ^\NyB:<Có; C\PM78; PM; U@BTäTBj[]ZR:<C8;ONyä çR:@NyBjW^@C'; CRW{7R[PM; U@Bâ8KMBjW{;O[D:PMBjNV§^@K¶KMBDãO:c
PM; ^@CRN#PM^:<ã ã ^ñ 7RNyBDKNyâJBj[ﬀ; J[D:PM; ^@C`^<å>NyZR:<âJBDã A¾W8:P]:NQPMKM7R[PM78KMBjNLñ; PMZ#Ny; ﬀDB1â8KM^@âJBDKyPM; BjNDæ
î178KqNyZR:<âJB1NyâJBj[ﬀ; J[D:PM; ^@C¾;ONçR:@NyBjWT^@C`NyBDâR:<K]:PM; ^@CTã ^@?@;O[ñ; PMZNy78â8âJ^@KyPå§^@KqW{;ON§öQ78CR[PM; U@B
Z8Bj:<â#NQP]:PMBjNDæLW878KyPMZ8BDKMäT^@KMB@GVBj:@[]ZNyZR:<âJB¶â8KMBjW{;O[D:PMBä¾:HA¾ZR:HU@BâJ^@; C\PMBDK^@K; C\PMBD?@BDKâR:c
K]:<äTBﬀPMBDK]NPM^T[D:<â{PM78KMBKMBDã BDU:<C\Pqâ8KM^@âJBDKyPM; BjNq^<å,W8:P]:NQPMKM7R[PM78KMBjNDæVb'B7RNyB1PMZ8Bå§^@ã ã ^ñ; C8?
W8:P]:C8^{W{BTW{Bj[ﬀãO:<K]:PM; ^@CRNå§^@KPMZ8BB8:<äTâ8ã BjN; CóPMZ8BâR:<âJBDKjæ$Z8BDAó:<KMBKMBj[ﬀ78K]Ny; U@BW8:P]:




































âJ^@; C\PMBDKPM^PMZ8B&NyâJBj[ﬀ; RBjW$W8:P]:TNQPMKM7R[PM78KMBPMZR:P?@78;OW{BjNW8:P]:PMK]:HU@BDK]NM:<ãF:<CRW`åª:@[ﬀ; ã ; P]:PMBjN
PMZ8BqW{BRC8; PM; ^@C^<åLß'	'  %ﬀûù{þ@ßâ8KMBjW{;O[D:PMBjNhYVBj[-8æ êﬁ#æ1N,:<C&B8:<äTâ8ã B@Gj:1Ny; C8?@ã Aã ; C8÷@BjW




































































































B8:<äTâ8ã B2:<ãONy^Z8; ?@Z8ã ; ?@Z\P]NNy^@äTB2NyZ8^@KyP][ﬀ7{P]NñqB¶ä¾:HA¾7RNyBPM^¾ä¾:<÷@B¶NyZR:<âJB2NyâJBj[ﬀ; J[D:PM; ^@C
Bj:@Ny; BDKjæÈb'B7RNyB`78CRW{BDK]NM[ﬀ^@KMB PM^óW{BDC8^<PMB#:<C4:<C8^@CVAVäT^@7RN2U:<KM;O:<ç8ã B@æ>=^@C{c~âR:<K]:<äTBﬀPMBDK
U:<KM;O:<ç8ã BjN; C9PMZ8Bè6Y$^<åPMZ8BNyZR:<âJBW{BRC8; PM; ^@CÈGFNy7R[]Zó:@N

GF:<KMB[ﬀ^@CRNy;OW{BDKMBjW#B{;ONQPMBDC{c
PM;O:<ã ã AÎí\7R:<C\PM; RBjWvæW878KyPMZ8BDKMäT^@KMB@GvPMBDKMä¾N&ä¾:HAóçJBW{; KMBj[PMã AóñKM; PyPMBDC4:@N:<KM?@78äTBDC\P]N¶^<å
NyZR:<âJB¶â8KMBjW{;O[D:PMB¶^@KW8:P]:C8^{W{B@æ
1NyBDKycdW{BRCR:<ç8ã B¾NyZR:<âJBTâ8KMBjW{;O[D:PMBjN2â8KM^UV;OW{BT7RN2ñ; PMZÎäT^@KMBqRB{; ç8; ã ; PQAPMZR:<C4Ny^@äTB
KMBj[ﬀBDC\P:<7{PM^@ä¾:PMBjW¾KMBj:@Ny^@C8; C8?NyA{NQPMBDä¾Né ê@G|-ìJPMZR:P:<KMBW{BjNy; ?@C8BjWTPM^ñq^@KM÷ñ; PMZ^@C8ã A¾:
Nyä¾:<ã ãRNyBﬀP^<å*L{BjWTâ8KMBjW{;O[D:PMBjNDæ5W878KyPMZ8BDKMäT^@KMB@G^@78KLNyZR:<âJBâ8KMBjW{;O[D:PMBjN[D:<C¾W{BjNM[ﬀKM; çJBC8^<P
^@C8ã A`PMZ8BV8øRß^<åW8:P]:TNQPMKM7R[PM78KMBjNDG{ç87{P:<ãONy^PMZ8BD; Ký jßâ8KM^@âJBDKyPM; BjNDæLZ8;ON[D:<âR:<ç8; ã ; PQA
BDCR:<ç8ã BjN1ä¾:<CVA9:<â8â8ã ;O[D:PM; ^@CRNDGRBjNyâJBj[ﬀ;O:<ã ã A#PM^#Ny78â8âJ^@KyP¶W8:P]:NQPMKM7R[PM78KMBjN1ñ; PMZ'Ny^@â8Z8;ONQPM; c
[D:PMBjW#; CVU:<KM;O:<C\P]NDæﬂW8^@KB8:<äTâ8ã B@G8ñqB2ä¾:HA#W{BRC8B:TC8^@C{c~BDäTâ{PQA#Ny^@KyPMBjW#ã ;ONQP1:@NçJBDã ^ñ2æ
































:<CVA9PQñq^9:@WHöy:@[ﬀBDC\P2C8^{W{BjN¶; C'PMZ8B¾ã ;ONQPjævb'B¾ä¾:HAC8^ñ NyâJBj[ﬀ; å§APª:<CRWóPMZ8BDCÎU@BDKM; å§AL#PMZ8B


































































































































ádCPMZ8;ON¶NyBj[PM; ^@CÈGJñqBmRK]NQP¶; C\PMKM^{W{7R[ﬀB:[ﬀ^@KMB^@ç{öQBj[Pyc~çR:@NyBjW$; äTâJBDK]:PM; U@BãO:<C8?@7R:<?@B:<CRW
PMZ8BDCÌâ8KM^@âJ^\NyBó:NyBﬀP$^<å2å§^@KMñ:<K]W U@BDKM; J[D:PM; ^@C¼KM78ã BjN`PM^ NyA{NQPMBDä¾:PM;O[D:<ã ã A []Z8Bj[]÷ PMZR:P
â8KMBj[ﬀ^@CRW{; PM; ^@CRN2:<KMB`NM:PM;ONDRBjW':P[D:<ã ãNy; PMBjNDG,:<CRWóPMZR:P2PMZ8BW{Bj[ﬀãO:<KMBjWóâJ^\NQP][ﬀ^@CRW{; PM; ^@CÎ;ON





b'B&â8KM^UV;OW{B2:`Ny; äTâ8ã B2; äTâJBDK]:PM; U@B2ãO:<C8?@7R:<?@B¶; CUW,; ?@78KMB¾ê@æFî178KãO:<C8?@7R:<?@B¶;ONNQPMKM^@C8?@ã A
PQAVâJBjW:<CRWÑñqB#:@NMNy78äTB`â8KM^@?@K]:<ä¾N&:<CRW4[ﬀ^@CRNQPMK]:<; C\P]N:<KMB`ñqBDã ã cPQAVâJBjWvæBZ8B#ãO:<C8?@7R:<?@B
Ny78â8âJ^@KyP]N$W8:P]:ÑPQAVâJBÑW{Bj[ﬀãO:<K]:PM; ^@C¼UV;O:À@øúdøúG:<CRWÌNyZR:<âJB'â8KMBjW{;O[D:PMB'W{BRC8; PM; ^@C UV;O:






























Å Å Æ2ÒÓ ÒBÅ Å Æ
Ñ
Í5Ô



































































































































































































ã ^V^@â¾;ONqW{Bj[ﬀãO:<KMBjWTñ; PMZâ8KMBﬀc:<CRW¾âJ^\NQPycd[ﬀ^@CRW{; PM; ^@CRN
^<åPMZ8B2å§^@KMä ªB«&¬ﬂM
z
ªB«&­Hæ*W8^@K1Ny; äTâ8ã ;O[ﬀ; PQA@GRñqB:@NMNy78äTB¶PMZR:P1U:<KM;O:<ç8ã B2CR:<äTBjN1W{Bj[ﬀãO:<KMBjW
; C¾Bj:@[]ZTäTBﬀPMZ8^{W¾:<KMB:<ã ãRW{;ONQPM; CR[P:<CRWPMZR:PLâR:<K]:<äTBﬀPMBDK]N:<KMBâR:@NMNyBjWçVA\c~U:<ã 78B@æKM; äTBjW
C8^<P]:PM; ^@C9;ON7RNyBjW#PM^#[D:<â{PM78KMB¶PMZ8BãO:PMBjNQP1U:<ã 78B&^<åU:<KM;O:<ç8ã BjN:<CRW$ä¾:HA$:<â8âJBj:<K; C9PMZ8B























^<å,PMZ8B2ã ^V^@âÈG{KMBjNyâJBj[PM; U@BDã A@æ





[ﬀ^@C\P]:<; CT:<CVAZ8Bj:<âTC8^{W{BjN:<CRW;ONâ8KMBjNyBDC\PMã AKMBjNQPMKM;O[PMBjW&PM^2âJ^@; C\PMBDKBjí\7R:<ã ; PQAﬂ)H; C8Bjí\7R:<ã ; PQA

:<CRWKMBjNyç878KM?@BDK:<KM; PMZ8äTBﬀPM;O[>æW878KyPMZ8BDKMäT^@KMB@G W{BDC8^<PMBjNT:ó[ﬀ^@äTâJ^\Ny; PMBå§^@KMä78ãO:
PMZR:P¶[ﬀ^@78ãOW9:<ã ñ:HA{NçJBC8^@KMä¾:<ã ;ONyBjW#; C\PM^¾PMZ8B]ª å§^@KMä ªNyBDB]W,; ?@78KMB]-;#æ®Z8BNyBDä¾:<C\PM;O[
äT^{W{BDãvå§^@KPMZ8B&NyBDâR:<K]:PM; ^@C#[ﬀ^@CRNQPMK]:<; C\P]N ;ONã Bﬀå P; C#PMZ8B¶PMBj[]Z8C8;O[D:<ãÈKMBDâJ^@KyP2é êﬁ0Hì~æ
YVBDâR:<K]:PM; ^@CT[ﬀ^@CRNQPMK]:<; C\P]N:<KMB7RNyBjWT; C¾â8KMBﬃ)HâJ^\NQPL[ﬀ^@CRW{; PM; ^@CRN:<CRWTNyZR:<âJB1W{BRC8; PM; ^@CRNDæ
ádCT^@K]W{BDK,PM^¶ZR:<CRW{ã BqPMZ8BDä [ﬀ^@KMKMBj[PMã A2ñ; PMZ8^@7{PKM78C8C8; C8?¶; C\PM^¶78C8ä¾:P][]Z8BjWKMBjNy;OW{7R:<ãVZ8Bj:<â
C8^{W{BjNDG8ñqB2KMBjí\78; KMB2Bj:@[]Z$NyBDâR:<K]:PM; ^@C$[ﬀ^@CRNQPMK]:<; C\PPM^`çJB&ñqBDã ã cå§^@KMäTBjWvG8:@N?@; U@BDC#çVAPMZ8B
å§^@ã ã ^ñ; C8?¾W{BRC8; PM; ^@CRNx
ﬀ"¿ﬂﬁBTﬃ&! *
·¸¹"$#&%%
¿(')'&*,+¿.-0/ øﬃýªø1' ßýÌIDøý`údû21]ß1:@[D[ﬀBjNMNy; ç8ã Be43 53 ú63Løc8øRß



















ýÌLKMBj:@[]ZR:<ç8ã B%Mûü ø]øﬃýªø1' ß

ý %¶øþTûþﬂ' 














































ýÌ%ﬀûﬃRûý þRúdßq]ûþLúMøý þRú!7LøþT ýÌ%ﬀûﬃøﬃý úÏVü¾ßﬀúý%ﬀûﬃüù,' ø3
Z8B¶â8KM; ä¾:<KMANy; ?@C8; J[D:<CR[ﬀB¶^<å,PMZ8BcLß'	'  %ﬀûﬃü¾ß&[ﬀ^@CRW{; PM; ^@C#;ONPMZR:P1:<ã ãÈZ8Bj:<â#C8^{W{BjN
^<å:ÑZ8Bj:<âÌ[ﬀ^@CRNQPMK]:<; C\P:<KMBKMBj:@[]ZR:<ç8ã B$å§KM^@ä :@[D[ﬀBjNMNy; ç8ã BU:<KM;O:<ç8ã BjNDæZ8;ON:<ã ã ^ñN¾PMZ8B
BDC\P]:<; ã äTBDC\Pq[]Z8Bj[]÷V; C8?2â8KM^{[ﬀBjW{78KMBPM^[ﬀ^@KMKMBj[PMã A&ä¾:P][]Z¾78â`C8^{W{BjNå§KM^@äÏPMZ8B[ﬀ^@CRNyBjí\78BDC\P
ñ; PMZ$C8^{W{BjNå§KM^@ä PMZ8B&:<C\PMBj[ﬀBjW{BDC\P^<å:<C$BDC\P]:<; ã äTBDC\PKMBDãO:PM; ^@CÈæ
KMç8; PMK]:<KMA2KMBj[ﬀ78K]Ny; U@BqNyZR:<âJBKMBDãO:PM; ^@CT[D:<Cã Bj:@W&PM^¶C8^@C{cPMBDKMäT; CR:PM; ^@C; CT78C{å§^@ãOW*)jå§^@ãOW







ñqBDã ã cå§^@78CRW{BjW ý %ý ú4DøúýÌÏqß4%ﬀûù,e]ûþý úýªûþL7þFøü¾ß' 
AW~ý X#ý ú1ýÌ¾ø Lß'	'  %ﬀûﬃü¾ß®]ûþﬂ













=^<PMBqPMZR:PPMZ8BW{BRC8; PM; ^@CRN:<çJ^U@B:<KMBNyAVC\P]:@[PM;O[:<CRWT[D:<CBj:@Ny; ã A&çJBBDC{å§^@K][ﬀBjWvæ5ñq^
























































































































U:<KM;O:<ç8ã B@æ$Z8BqRK]NQP¶B8:<äTâ8ã BTä¾:HA9[D:<7RNyB; C,RC8; PMB¾78C{å§^@ãOW{; C8?RG
ñZ8; ã BPMZ8BTNyBj[ﬀ^@CRW9B8:<äTâ8ã B[D:<â{PM78KMBjN1:<Có78C8KMBj:@[]ZR:<ç8ã Ba öQ78C8÷L#Z8Bj:<âPMZR:P2[D:<C8C8^<PçJB
ã ^{[D:PMBjWÑçVAÎ^@78KBDC\P]:<; ã äTBDC\Pâ8KM^{[ﬀBjW{78KMB@æTZ8B#ãO:@NQPB8:<äTâ8ã B;ONöQ7RNQP¾:óNyAVC\P]:@[PM;O[`KMBﬀc
NQPMKM;O[PM; ^@C'PM^$åª:@[ﬀ; ã ; P]:PMBTPMBDKMäT; CR:PM; ^@CÎâ8KM^V^<åKMBj:@Ny^@C8; C8?RGv:<CRWÎ[D:<CÎçJB`Bj:@Ny; ã A^U@BDK][ﬀ^@äTB




















































































































































































































b'BT7RNyBòPM^9W{BDC8^<PMBPMZ8BTâ8KM^@?@K]:<ä/çJBD; C8?$[]Z8Bj[]÷@BjWvæFb¼; PMZ'â8KMBﬃ)HâJ^\NQP¶[ﬀ^@CRW{; PM; ^@CRN¶W{Bﬀc
[ﬀãO:<KMBjWTå§^@KqBj:@[]Z`äTBﬀPMZ8^{W`; C2TGVñqB¶[D:<C`C8^ñ :<â8â8ã A¾äT^{W{78ãO:<KqU@BDKM; J[D:PM; ^@CTPM^; P]NqçJ^{W{A















æÎYV^@äTB&KM78ã BjN:<KMB2?@; U@BDC9; CUW,; ?#ô
ñZ8; ã B`^<PMZ8BDK]N&:<KMBTã Bﬀå P; CÎPMZ8B¾PMBj[]Z8C8;O[D:<ãKMBDâJ^@KyPé êﬁ0Hì~æZ8BDA':<KMB¾7RNyBjWóPM^9PMK]:@[]÷Z8Bj:<â
NQP]:PMBjNT:@N:@[D[ﬀ78K]:PMBDã AÎ:@NâJ^\NMNy; ç8ã Bñ; PMZ âR:PMZ{c]GTR^ñc]G:<CRW[ﬀ^@C\PMBVPycdNyBDCRNy; PM; UV; PQA@æBW8^@K
Bj:@[]Z`[D:<ã ãJNy; PMB@GJé .¡ U¢££VìJBDCRNy78KMBjNPMZR:PL; P]NLäTBﬀPMZ8^{Wvï NLâ8KMBj[ﬀ^@CRW{; PM; ^@CT;ONqNM:PM;ONDRBjWvæ;W8^@K
Bj:@[]Z$äTBﬀPMZ8^{W9W{BRC8; PM; ^@CÈG,é .¤¦¥§N¨ì[]Z8Bj[]÷{NqPMZR:P1; P]NâJ^\NQP][ﬀ^@CRW{; PM; ^@C$Z8^@ãOW8Nå§^@KPMZ8B
äTBﬀPMZ8^{WçJ^{W{A:@NMNy78äT; C8?; P]N1â8KMBj[ﬀ^@CRW{; PM; ^@CÈæäTBﬀPMZ8^{WâJ^\NQP][ﬀ^@CRW{; PM; ^@Cóä¾:HA9[D:<â{PM78KMB
^@C8ã AâR:<KyP^<å,PMZ8B2Z8Bj:<â9:PPMZ8B&BDCRW#^<åPMZ8B2äTBﬀPMZ8^{WvGRã Bj:HUV; C8?PMZ8B&KMBjNy;OW{78B¶Z8Bj:<â$C8^{W{BjN
; C©
X
æ$W8^@K2Bj:@[]Z'NyZR:<âJBTW{BRC8; PM; ^@CÈGé .ªo«¥¬ìL[]Z8Bj[]÷{NPMZR:P&; P]N?@; U@BDCó; CVU:<KM;O:<C\P¶;ON
:`[ﬀ^@CRNyBjí\78BDCR[ﬀB&^<åPMZ8BñqBDã ã cå§^@78CRW{BjW9Z8Bj:<â$å§^@KMä78ãO:8æ*Z8BNy^@78CRW{C8BjNMN^<åPMZ8B&å§^@KMñ:<K]W
U@BDKM; J[D:PM; ^@C;ON:<ãONy^ã Bﬀå P; C#PMZ8B¶PMBj[]Z8C8;O[D:<ãÈKMBDâJ^@KyPjæ
b'BTC8^ñÏB{â8ãO:<; CPMZ8B¾^@âJBDK]:PM^@K]N)jå§78CR[PM; ^@CRN7RNyBjWó; C'^@78K¶U@BDKM; J[D:PM; ^@CóKM78ã BjNDæ$Z8B
^@âJBDK]:PM^@K
­f®5¯








































































^@K]M\æ$W878CR[PM; ^@C þFû&8øþ(@\ß&B¿]#KMBﬀPM78KMCRN¶:¾å§^@KMä78ãO:#:@NMNyBDKyPM; C8?
PMZR:PÈPMZ8B78C8â8KM; äTBjW2:<CRW¶â8KM; äTBjWU@BDK]Ny; ^@CRNF^<å{Bj:@[]Z¶U:<KM;O:<ç8ã B; CT¿¼:<KMBBjí\7R:<ã
g
ý ü¾ß&B¿q#














=^@KMä¾:<ã ; ﬀj:PM; ^@CóKM78ã BjN1å§^@K&NyBDâR:<K]:PM; ^@Có[ﬀ^@CRNQPMK]:<; C\P]N :<KMB?@; U@BDCó; C2W,; ?@78KMBc-8æNÁÂqù,Mß1;ON





















































































































































































å§KM^@ä YVBj[¶ô{æ{=^<PMBPMZR:Pâ8KM^@?@K]:<äòU:<KM;O:<ç8ã BjNq:<KMB1â8KM; äTBjW`; Cå§^@KMä78ãO:<B1ñZ8BDKMBj:@NLã ^@?@;O[D:<ã
U:<KM;O:<ç8ã BjNL78C8â8KM; äTBjWvæLZ8Bâ8KM^V^<å>;ONNQPMK]:<; ?@Z\Pyå§^@KMñ:<K]WvG<B8[ﬀBDâ{På§^@KLPMZ8B¶ãO:@NQPNQPMBDâ#ñZ8BDKMB
:#W{;ON§öQ78CR[PM; U@BTZ8Bj:<â'NQP]:PMB;ON1å§^@ãOW{BjWPM^å§^@KMä¸:#NyZR:<âJBâ8KMBjW{;O[D:PMB@æ$Z8BTâ8KM^{[ﬀBjW{78KMB&PM^
































































































































































b'B$â8KMBjNyBDC\PT; CPMZ8;ONTNyBj[PM; ^@C4PMZ8B$BDC\P]:<; ã äTBDC\P`[]Z8Bj[]÷V; C8?óKM78ã BjNå§^@KPMZ8B9[ﬀãO:@NMN^<å¶[ﬀ^@C{c













~C\P]:<; ã äTBDC\P¶çJBﬀPQñqBDBDC'NyBDâR:<K]:PM; ^@C$å§^@KMä78ãO:<B"ªW{BﬀP]:<; ã BjWó; C'NyBj[PM; ^@C®!Ræ ô1#;ONKMBjW{7R[ﬀBjW9PM^
BDC\P]:<; ã äTBDC\PçJBﬀPQñqBDBDCâ878KMBå§^@KMä78ãO:<BqçVANy7R[D[ﬀBjNMNy; U@BDã A&KMBDäT^UV; C8?Z8Bj:<âC8^{W{BjN,å§KM^@äÏPMZ8B
[ﬀ^@CRNyBjí\78BDC\PL78C\PM; ãR^@C8ã A¾:2â878KMBå§^@KMä78ãO:¶KMBDä¾:<; CRNDæ@b¼Z8BDC¾PMZ8B1[ﬀ^@CRNyBjí\78BDC\PL;ONâ878KMB@G@PMZ8B













































































































































































































































































































































7RNy; C8?ëÁÂqù,Mß ; å :<ã ã
PMZ8B â8KMBjW{;O[D:PMB; C{c
U:<KM;O:<C\P]N`:<KMB9Ny^@78CRWvæ
Z8BDA#:<ãONy^T:<ã ã ^ñ PMZ8B



















â8KMBj[ﬀ;ONyB@G8:@Nq; PKMBDãO:PMBjNqPMZ8B¶CV78ã ã C8BjNMN^<å,PMZ8BV}
_,f1p
âJ^@; C\PMBDKñ; PMZ#PMZ8B&Ny; ﬀDB
\
^<å>PMZ8B2ã ;ONQPjæ












































































































































































































































































































































































































































































































































































Z8Bqâ878KMâJ^\NyB^<åRZ8Bj:<âBDC\P]:<; ã äTBDC\P;ON,PM^2[]Z8Bj[]÷PMZR:PZ8Bj:<âC8^{W{BjN,; CPMZ8B:<C\PMBj[ﬀBjW{BDC\P
ﬀÌ:<KMBTNy7,+`[ﬀ; BDC\PMã Aóâ8KMBj[ﬀ;ONyBPM^9[ﬀ^U@BDK2:<ã ãC8^{W{BjNå§KM^@ä PMZ8B`[ﬀ^@CRNyBjí\78BDC\PTﬀﬃG>:<CRWPM^
[ﬀ^@äTâ87{PMB1:2KMBjNy;OW{7R:<ãRZ8Bj:<â`NQP]:PMBﬀæ(¾;ONPMZ8B1Z8;ONQPM^@KMA^<åvC8^{W{BjNå§KM^@äPMZ8B1:<C\PMBj[ﬀBjW{BDC\P
PMZR:PZR:HU@BqçJBDBDCT7RNyBjW&PM^¶ä¾:P][]ZC8^{W{BjN,å§KM^@ä PMZ8B[ﬀ^@CRNyBjí\78BDC\PjGI¿Ì;ON,PMZ8Bã ;ONQP^<åJB{;ONQPMBDC{c
PM;O:<ã ã A$í\7R:<C\PM; RBjW#U:<KM;O:<ç8ã BjNå§KM^@ä PMZ8B[ﬀ^@CRNyBjí\78BDC\PjæR=^<PMB2PMZR:P	 $:<CRWb¿ :<KMB&W{BDKM; U@BjWvæ





P]:<; ã äTBDC\P[]Z8Bj[]÷V; C8?2KM78ã BjNL:<KMB?@; U@BDC¾; CaW,; ?q0{æ\b'BW{;ONM[ﬀ7RNMNPMZ8B1ä¾:P][]Z8; C8?&KM78ã B; C`ñZR:P
å§^@ã ã ^ñNDG8:<CRWã Bj:HU@B78C{å§^@ãOW*)jå§^@ãOW#KM78ã BjNqPM^`YVBj[m0{æ
Z8B¾â8KM^{[ﬀBjW{78KMB¾ñq^@KM÷{N¶çVAÎNy7R[D[ﬀBjNMNy; U@BDã Aä¾:P][]Z8; C8?978âÑZ8Bj:<âÑC8^{W{BjN¶PMZR:P[D:<CÑçJB
â8KM^U@BDC`:<ã ;O:@NyBjWvæ;1NPMZ8B1ä¾:P][]Z8; C8?â8KM^{[ﬀBjNMN;ONL; CR[ﬀKMBDäTBDC\P]:<ãG\ñqB÷@BDBDâ¾PMZ8BNy7R[D[ﬀBjNMNQå§78ã ã A
ä¾:P][]Z8BjWC8^{W{BjNqå§KM^@ä :<C\PMBj[ﬀBjW{BDC\P; Cbå§^@KçJBﬀPyPMBDKâ8KMBj[ﬀ;ONy; ^@CÈæ,W8^@KB8:<äTâ8ã B@G8[ﬀ^@CRNy;OW{BDK






































Ny7R[D[ﬀBDBjW{BjWvæ,YV7R[]Z4:<CÎBDC\P]:<; ã äTBDC\Pñq^@78ãOW'çJB`7RNyBﬀå§78ãLñZ8BDCÈGvå§^@K&B8:<äTâ8ã B@G,:$ã ;ONQP&ñ; PMZ
âJ^\Ny; PM; U@B¶ã BDC8?<PMZ
\
;ON7RNyBjW#:@N; C8â87{På§^@K:å§78CR[PM; ^@C#PMZR:PKMBjí\78; KMBjN:C8^@C{c~BDäTâ{PQA`ã ;ONQPjæ




ä¾:P][]Zó^{[D[ﬀ78K]Nq§KM78ã B.- ¥0/ß§¤¦¢¡§U U¨21 #:<CRW:<C':<KM?@78äTBDC\P^<åPMZ8BTZ8Bj:<âóC8^{W{BT[ﬀ^@äT; C8?
å§KM^@ä(PMZ8B9[ﬀ^@CRNyBjí\78BDC\PT;ONå§KMBDB@GPMZ8B$BDC\P]:<; ã äTBDC\P¾â8KM^{[ﬀBjW{78KMB#ç8; CRW8NPMZ8B9:<KM?@78äTBDC\PPM^
PMZ8B`[ﬀ^@KMKMBjNyâJ^@CRW{; C8?#U:<KM;O:<ç8ã Bå§KM^@ä PMZ8B`:<C\PMBj[ﬀBjW{BDC\P:<CRWóäT^U@BjN1PMZ8B¾Bjí\7R:<ã ; PQA9PM^$PMZ8B
:<C\PMBj[ﬀBjW{BDC\PjæDádC&^@78KNyA{NQPMBDä$Gﬀå§KMBDBLU:<KM;O:<ç8ã BjNv; C[ﬀ^@CRNyBjí\78BDC\P,:<KMBU:<KM;O:<ç8ã BjNvå§KM^@ä äTBﬀPMZ8^{W
â8KMBj[ﬀ^@CRW{; PM; ^@CRNDæV6BDCR[ﬀB1PMZ8BjNyBç8; CRW{; C8?\N:@[P:@NqNy78çRNQPM; PM7{PM; ^@CRNLPMZR:PZR:HU@BPM^çJB÷@BDâ{P; C
:<C\PMBj[ﬀBjW{BDC\PPM^¾:<ã ã ^ñ Ny78çRNyBjí\78BDC\Pâ8KM^@?@K]:<ä NQP]:PMBc å§KM^@ä KMBjNy;OW{7R:<ãFZ8Bj:<â*#LPM^TçJB&:Hñ:<KMB
^<å,PMZ8BD; KU:<ã 78BjNDæﬂZ8;ONâ8KM^{[ﬀBjNMN;ONqå§^@KMä¾:<ã ; ﬀDBjWçVA`PMZ8B¶å§78CR[PM; ^@Cc%Mß]ß4365ﬀþ¾çJBDã ^ñ2G8ñZ8BDKMB


























W8^@KqNy^@78CRW{C8BjNMNDG@ñqBâJBDKyå§^@KMä :2â8KMBDâ8KM^{[ﬀBjNMNy; C8?&NQPMBDâTPM^BDCRNy78KMBPMZR:PqU:<KM;O:<ç8ã BjN:<â8âJBj:<Kyc
; C8?¾:@N:<KM?@78äTBDC\P]Nq^<å,Z8Bj:<â#C8^{W{BjN:<CRWâ8KMBjW{;O[D:PMBjN:<KMB;	#qW{;ONQPM; CR[P1:<CRW; ;	#q; å,PMZ8BDA:<KMB
å§KMBDB@GJPMZ8BDAóW{^$C8^<P2:<â8âJBj:<K¶; CóPMZ8B¾:<C\PMBj[ﬀBjW{BDC\P¶çVA:@W8W{; C8?S§B{;ONQPMBDC\PM;O:<ã ã Aí\7R:<C\PM; RBjWﬂ#
å§KMBjNyZ9U:<KM;O:<ç8ã BjN:<CRW#Bjí\7R:<ã ; PM; BjNDæ*Z8;ON?@7R:<K]:<C\PMBDBjNqPMZR:PPMZ8B?@BDC8BDK]:PMBjW$Ny78çRNQPM; PM7{PM; ^@CRN
:<KMB2ñqBDã ã cdW{BRC8BjWvæRá~P¶:<ãONy^¾?@7R:<K]:<C\PMBDBjNqPMZR:P1PMZ8B2å§^@KMä78ãO:T?@BDC8BDK]:PMBjW$çVAq%Mß]ß4365ﬀþ#W{^VBjN
C8^<P>; C\PMKM^{W{7R[ﬀBL:<CVA:@W8W{; PM; ^@CR:<ã@[ﬀ^@CRNQPMK]:<; C\P]Nv^U@BDKvB{;ONQPM; C8?U:<KM;O:<ç8ã BjNv; C¶PMZ8BL:<C\PMBj[ﬀBjW{BDC\PjG
:@N^@C8B¾Ny;OW{B^<åqBj:@[]ZóBjí\7R:PM; ^@C'W{^VBjN¶C8^<P2:<â8âJBj:<K2:<CVAVñZ8BDKMBBDãONyB; CóPMZ8B¾:<C\PMBj[ﬀBjW{BDC\Pjæ
CÎ:@W8W{; PM; ^@CR:<ã^@7{P][ﬀ^@äTB;ONPMZR:P¶PMZ8BT^@K]W{BDK^<åLâ8;O[]÷V; C8?#C8^{W{BjNå§KM^@ä PMZ8B¾[ﬀ^@CRNyBjí\78BDC\P
å§^@Kä¾:P][]Z8; C8?¾W{^VBjNC8^<Pä¾:PyPMBDKjæ
7 7 Ù98]ÜhCyÝ	:<;ÜhCyÝ>= :>ßﬂG.@Ù1à|8/´
C{å§^@ãOW*)jå§^@ãOW^@âJBDK]:PM; ^@CRN[D:<C#çJB¶7RNyBjW`PM^TZR:<CRW{ã B¶ñqBDã ã cå§^@78CRW{BjW; CRW{7R[PM; U@B¶â8KMBjW{;O[D:PMBjN
; C$:TW{BjW{7R[PM; U@B¶ä¾:<C8C8BDKjæ{ádC#âR:<KyPM;O[ﬀ78ãO:<KjGVñqB¶[D:<C#78C{å§^@ãOW#:â8KMBjW{;O[D:PMBPMZR:P:<â8âJBj:<K]Nq; C
PMZ8B¾:<C\PMBj[ﬀBjW{BDC\PPMZR:P¶ä¾:P][]Z8BjNñ; PMZÎ:#W8:P]:C8^{W{B; CóPMZ8BT[ﬀ^@CRNyBjí\78BDC\Pjæ>IL^@KMKMBjNyâJ^@CRWVc
; C8?@ã A@GÈñqBTå§^@ãOWÑ:$â8KMBjW{;O[D:PMBTPMZR:P:<â8âJBj:<K]N¶; CÎPMZ8B[ﬀ^@CRNyBjí\78BDC\P&; å; P&ä¾:P][]Z8BjN2ñ; PMZ4:







































â8KMBjW{;O[D:PMB¶; C$PMZ8B:<C\PMBj[ﬀBjW{BDC\PPQñ;O[ﬀB¶PM^:<ã ã ^ñ PMZ8B2PQñq^¾W8:P]:























































































=^<PMB¼PMZR:P W{78B PM^ PMZ8B ñqBDã ã cå§^@78CRW{BjW [ﬀ^@CRW{; c
PM; ^@CÈGBj:@[]Z78C{å§^@ãOW{; C8?¶B{âJ^\NyBjN,:¶W8:P]:1C8^{W{BqPMZR:P
ä¾:P][]Z8BjN9PMZ8B W8:P]:¼C8^{W{B; C PMZ8B [ﬀ^@CRNyBjí\78BDC\Pjæ
ZV7RN$:4KMBjW{7R[PM; ^@CÌ^<å&PMZ8BÑ[ﬀ^@CRNyBjí\78BDC\P#; äTäTBﬀc
W{;O:PMBDã ATå§^@ã ã ^ñNDGVñZ8;O[]Z$[ﬀ^@C\PMKM; ç87{PMBjNPM^PMZ8BPMBDKMäT; CR:PM; ^@C^<å>PMZ8BBDC\P]:<; ã äTBDC\P[]Z8Bj[]÷Fæ,



































Z8B9å§^@ãOW¼NQPMBDâ ä¾:HAçJBKMBj[ﬀ78K]Ny; U@BDã A:<â8â8ã ; BjW ç87{P;ON`?@7R:<K]:<C\PMBDBjWÑPM^ÑPMBDKMäT; CR:PMB9å§^@K
ñqBDã ã cå§^@78CRW{BjW9â8KMBjW{;O[D:PMB:@N1; Pñ; ã ãKMBjW{7R[ﬀB:W8:P]:`C8^{W{B; C9PMZ8BT:<C\PMBj[ﬀBjW{BDC\På§^@KBj:@[]Z
KMBj[ﬀ78K]Ny; U@B; CVU@^{[D:PM; ^@CÈæZ8;ONKMBjW{7R[PM; ^@C ; C PMZ8BÎ:<C\PMBj[ﬀBjW{BDC\P$[D:<C8C8^<P#?@^4^@C å§^@KMBDU@BDKjæ


















Z8B2BXFBj[P]N^<å>å§^@ãOW{; C8?¾ä¾:HANyBDBDä Ny; äT; ãO:<KPM^¾78C{å§^@ãOW{; C8?TPMZ8B2â8KMBjW{;O[D:PMB¶; C#PMZ8B&[ﬀ^@CRNyBﬀc
í\78BDC\PjæV6^ñqBDU@BDKjGPMZ8BDKMB1;ONq:Ny78ç{PMã BW{; XFBDKMBDCR[ﬀB1; C¾PMZ8BD; KqZR:<CRW{ã ; C8?^<åÈç8; CRW{; C8?\Nå§^@Kå§KMBDB
W{BDKM; U@BjWTU:<KM;O:<ç8ã BjNDæ@á~åÈñqB1[]Z8^V^\NyBPM^&7RNyB178C{å§^@ãOW{; C8?^@CTPMZ8B[ﬀ^@CRNyBjí\78BDC\PL; CRNQPMBj:@WvG@PMZ8BjNyB













































Z8BDKMB&:<KMB¶C8^ñÌPQñq^`W{;ON§öQ78CR[P]N; C$PMZ8B[ﬀ^@CRNyBjí\78BDC\PjæLZ8BNyBj[ﬀ^@CRW#^@C8Båª:<; ãONçJBj[D:<7RNyB2; P
















:<KMB&; äTâJ^@KyP]:<C\PjæZ8Be' ý ú,å§78CR[PM; ^@Câ8KM^<öQBj[P]NPMZ8BjNyB[ﬀ^@CRNQPMK]:<; C\P]N^@7{P



































































































































 å§^@KMä¾:<ã W{BRC8; PM; ^@C ^<å
å§^@ãOW{; C8? ;ONÑNyâJBj[ﬀ; RBjW çVAKM78ã B
é %I£¬HJK/MLì~æHYV^@äTBZ8Bj:<â¶C8^{W{BjN
å§KM^@äe¼:<KMB9KMBDäT^U@BjWçVAPMZ8B
BDC\P]:<; ã äTBDC\PÎâ8KM^{[ﬀBjW{78KMB Ny^ :@N
PM^'ä¾:P][]Zñ; PMZPMZ8B$Z8Bj:<â4å§^@KMä78ãO:ó^<å1â8KMBjW{;O[D:PMBaè  Ò5u
ÃLvxw
æZ8;ONKMBjí\78; KMBjN:'NyâJBj[ﬀ;O:<ã
U@BDK]Ny; ^@C^<åBDC\P]:<; ã äTBDC\PPMZR:PKMBﬀPM78KMCRNqPMZ8KMBDB2BVPMK]:PMZ8; C8?\Nx§;	#[ﬀ^@CRNy78äTBjW#Z8Bj:<â#C8^{W{BjNDG







çVA¾PMZ8Bå§^@ãOW$NQPMBDâ$:@NqñqB2:<ã ã ^ñ ; PPM^TB{â8ã ^@KMBä78ã PM; â8ã B¶ñ:HA{Nq^<å,ä¾:P][]Z8; C8?T78â#ñ; PMZ$; P]N
W{;ON§öQ78CR[PM; U@B2Z8Bj:<â$NQP]:PMB@æFî178KBDC\P]:<; ã äTBDC\P:<ãONy^TZR:<CRW{ã BjNBDäTâ{PQAâ8KMBjW{;O[D:PMBjN[ﬀ^@KMKMBj[PMã A@æ
f EÜLÞ1Ù1Ý1Ù.:8/8Ü28&Ë9ÙLÚ,@à|C|´F:>ÙLÚ
Z8Bå§^@ã ã ^ñ; C8?PMZ8BD^@KMBDä¾NvNQP]:PMBPMZR:PÈ^@78KÈBDC\P]:<; ã äTBDC\P>[]Z8Bj[]÷1â8KM^{[ﬀBjW{78KMB;§?@; U@BDC1; CmW,; ?Ræ&01#









































b'B&ZR:HU@B¶ç878; ã P1:Tâ8KM^<PM^<PQAVâJB2NyA{NQPMBDä 7RNy; C8?#î1ç{öQBj[PM; U@BIq:<äTãæﬂZ8B2â8KM^V^<å,^@ç8ã ; ?\:PM; ^@CRN
?@BDC8BDK]:PMBjW9çVA$^@78KU@BDKM; J[D:PM; ^@C:<KMBW{;ONM[]ZR:<KM?@BjW$çVA9^@78KBDC\P]:<; ã äTBDC\P¶[]Z8Bj[]÷V; C8?â8KM^{[ﬀBﬀc
W{78KMB¶ñ; PMZ#PMZ8B2Z8BDã â$^<åLî1äTBD?\:¾Iq:<ãO[ﬀ78ãO:PM^@K2é ê&3ì~æ
uvoQhjwDoyxDi2 >nMoQs ¹VrxﬀmQs hjt
s i2nß dn]r
à






















































































 xDryÐRoQn]nIß ds Í]njzVµ\ xDryÐ|ª\n]s wjmd|ªµVxD xDt\r]n´
à

















g,hji2k\ nMmQnRoQn]nIß r]hji2k\ nMmQn]t\n]d
à




>nMoQs  @s t\w

xﬀmyx2pmdoQl\rMmQl@oQn]»s mQ¾oQs mQ\i2nMmQs ruvoQhjk{nModmQs n]
W,; ?31Ny78äTä¾:<KM; ﬀDBjN,:1Ny78; PMBL^<åRâ8KM^@?@K]:<ä¾NFPMBjNQPMBjWvæﬃZ8BjNyBLB8:<äTâ8ã BjN>7RNyBq[ﬀ^@äTâ8ã ;O[D:PMBjW
KMBj[ﬀ78K]Ny; ^@C:<CRWW8:P]:NQPMKM7R[PM78KMBjNñ; PMZTNy^@â8Z8;ONQPM;O[D:PMBjWNyZR:<âJB:<CRWNy; ﬀDBâ8KM^@âJBDKyPM; BjNDæﬃZ8BDA
Z8BDã â#NyZ8^ñ PMZR:P^@78K:<â8â8KM^\:@[]Z¾;ONq?@BDC8BDK]:<ãRBDC8^@78?@Z¾PM^ZR:<CRW{ã B; C\PMBDKMBjNQPM; C8?W8:P]:NQPMKM7R[c
PM78KMBjN2Ny7R[]ZÎ:@N¶Ny^@KyPMBjWã ;ONQP]NDG>Ny^@KyPMBjW9PMKMBDBjNDGFâ8KM; ^@KM; PQAí\78BD78BjNDGvU:<KM; ^@7RNçR:<ãO:<CR[ﬀBjWPMKMBDBjNDG
BﬀP][<æ; C¼:'78C8; å§^@KMä ñ:HA@æBDKM; J[D:PM; ^@CPM; äTB9^<å¶:óå§78CR[PM; ^@C¼; CR[ﬀã 7RW{BjNPM; äTB$PM^ÑU@BDKM; å§A
:<ã ãå§78CR[PM; ^@CRN&PMZR:P; PT[D:<ã ãONDæTZ8B`PM; äTB`KMBjí\78; KMBjW'å§^@KNyZR:<âJB:<CRWÑNy; ﬀDB`U@BDKM; J[D:PM; ^@CÎ;ON
äT^\NQPMã Añ; PMZ8; C9:¾[ﬀ^@78â8ã B¶^<åNyBj[ﬀ^@CRW8NDæLZ8B&:HU@BDK]:<?@B:<C8C8^<P]:PM; ^@C$[ﬀ^\NQP]§CV78äçJBDK^<å:<C{c
C8^<P]:PM; ^@CRN)Hêî2I K]:PM; ^/#å§^@K^@78KB8:<äTâ8ã BjNq;ON:<KM^@78CRW9ëD`æ







åª:<; ãONå§^@K2ä¾:<CVAB8:<äTâ8ã BjNDGvñZ8; ã B&ÁÂqù,Mß
X











æLZ8B¶?@BDC8BDK]:<ãRå§K]:<äTBDñq^@KM÷T^<åNyBDâR:<K]:PM; ^@C`ã ^@?@;O[é êëVGﬀêjðìv;ONqZ8; ?@Z8ã A
B{â8KMBjNMNy; U@Bqç87{P78CRW{Bj[ﬀ;OW8:<ç8ã B@æêÈ; ÷@BDñ;ONyB@G{é ê&-ìVå§^@KMä¾:<ã ;ONyBjW&PMZ8Bâ8KM^V^<åJKM78ã BjN,å§^@KZR:<CRW{ã ; C8?
:<çRNQPMK]:@[Pâ8KMBjW{;O[D:PMBjN§ñ; PMZ9NM[ﬀ^@âJBjNL^@C#UV;ONy; ç8; ã ; PQA¾^<å,â8KMBjW{;O[D:PMBjN#ç87{Pâ8KM^UV;OW{BjW¾C8^¾:<7{c
PM^@ä¾:PMBjWÎâ8KM^{[ﬀBjW{78KMBå§^@K[]Z8Bj[]÷V; C8?$PMZ8B`7RNyBDKNy78â8â8ã ; BjWÑNyâJBj[ﬀ; J[D:PM; ^@CRNDæÈádCÎPMZ8BNyBj:<K][]Z
å§^@K1:TW{Bj[ﬀ;OW8:<ç8ã B¶å§K]:<?@äTBDC\P^<åNyBDâR:<K]:PM; ^@Cã ^@?@;O[1å§^@K1:<7{PM^@ä¾:PMBjW#U@BDKM; J[D:PM; ^@CÈGQqBDK]W{; C8B
ßﬀú2øﬃ' 3qé êﬀìqNy78â8âJ^@KyP]N¶^@C8ã A':$ã ; äT; PMBjWÑNyBﬀP&^<åâ8KMBjW{;O[D:PMBjNVý úÏ8ûù{úLNy; ﬀDB¾â8KM^@âJBDKyPM; BjNDGÈW{;ONQc
öQ78CR[PM; ^@CRN:<CRWÎB{;ONQPMBDC\PM;O:<ãqí\7R:<C\PM; RBDK]NDæ,YV; äT; ãO:<KMã A@GP@;O::<CRWÎbÎ:<ã ÷@BDKé ê@êﬀìLâJ^\NQPMâJ^@C8BjW
PMZ8BZR:<CRW{ã ; C8?¶^<åFKMBj[ﬀ78K]Ny; U@Bqâ8KMBjW{;O[D:PMBjN; CPMZ8BD; KKMBj[ﬀBDC\Pñq^@KM÷2^@C¾:<7{PM^@ä¾:PMBjWKMBj:@Ny^@C8; C8?
^<åvâJ^@; C\PMBDKâ8KM^@?@K]:<ä¾NDæ@î178KL:<â8â8KM^\:@[]Z;ONäT^@KMBâ8K]:<?@ä¾:PM;O[:@NñqB:<; äÏå§^@Kq:2Ny^@78CRWT:<CRW
PMBDKMäT; CR:PM; C8?å§^@KMä78ãO:PM; ^@C4^<å1:<7{PM^@ä¾:PMBjWÑU@BDKM; J[D:PM; ^@C4UV;O:óNyBDâR:<K]:PM; ^@CÎã ^@?@;O[`ç87{P¾W{^
C8^<PT:<; äå§^@K[ﬀ^@äTâ8ã BﬀPMBDC8BjNMN&; CÑPMZ8BB{â8KMBjNMNy; U@BTå§K]:<?@äTBDC\P&PMZR:PñqB`ZR:<CRW{ã B@æ î1CÑPMZ8B
; C{å§BDKMBDCR[ﬀBå§KM^@C\PjGIêÈBDBBﬀPL:<ãæRé êHôHì8ZR:@N[ﬀ^@CRW{7R[PMBjWT:<C; C\PMK]:<â8KM^{[ﬀBjW{78K]:<ã{:<CR:<ã A{Ny;ON,å§^@Kã ^V^@â
; CVU:<KM;O:<C\P]N7RNy; C8?`?@K]:<äTä¾:<K:<â8â8KM^ﬁ{; ä¾:PM; ^@C78CRW{BDKNyBDâR:<K]:PM; ^@C#ã ^@?@;O[<æﬂZ8BD; K1:<CR:<ã A{Ny;ON
[D:<C#ZR:<CRW{ã B2:ñ;OW{B2K]:<C8?@B^<åNyZR:<âJB¶â8KMBjW{;O[D:PMBjNqñ; PMZ$ã ^{[D:<ãÈNyZR:<KM; C8?ç87{P;ONKMBjNQPMKM;O[PMBjW




PMZ8Bã ;ONQPNyBD?@äTBDC\PNyZR:<âJBâ8KMBjW{;O[D:PMB@æ<YV; ä¾Né ô<ðì{BVPMBDCRW8NNyBDâR:<K]:PM; ^@Cã ^@?@;O[Lñ; PMZqL{âJ^@; C\P
[ﬀ^@C8C8Bj[PM; U@BjN:<CRW$âJ^\NQPMâJ^@C8BjWNy78çRNQPM; PM7{PM; ^@C9PM^`B{â8KMBjNMNKMBj[ﬀ78K]Ny; U@BDã AW{BRC8BjW$å§^@KMä78ãO:<B
PM^äT^{W{BDãJPMZ8B2:<CR:<ã A{Ny;ON^<å>ñZ8; ã Bﬀc~ã ^V^@âRNDæV6^ñqBDU@BDKjG\; P;ONq78CR[ﬀã Bj:<KqZ8^ñ¼PM^T[]Z8Bj[]÷å§^@KqBDC{c
P]:<; ã äTBDC\P; CTPMZ8BD; KBVPMBDCRW{BjWTNyBDâR:<K]:PM; ^@Cã ^@?@;O[<æ<b¼Z8; ã B^@78Kñq^@KM÷W{^VBjNC8^<PL:@W8W{KMBjNMN,PMZ8B
; C{å§BDKMBDCR[ﬀBﬃ):<CR:<ã A{Ny;ON[]ZR:<ã ã BDC8?@B@GRñqBZR:HU@B&Ny7R[D[ﬀBDBjW{BjW9; Câ8KM^UV;OW{; C8?W{; KMBj[P¶Ny78â8âJ^@KyP1å§^@K











â8KM^@âJ^\NyBjWÎå§^@K¾[]Z8Bj[]÷V; C8?7RNyBDKTâ8KM^@?@K]:<ä¾NDï>; C\PMKM;O[D:PMBä¾:<C8; â878ãO:PM; ^@CRN^<åNyZR:<âJBDã AÑW8:P]:
NQPMKM7R[PM78KMBjNDæRî1C8BñqBDã ã c~÷VC8^ñC`ñq^@KM÷T;ON^@; C\PMBDKR1NMNyBDKyPM; ^@C2êÈ^@?@;O[é êx!<ìvçVA9^VBDã ã BDK:<CRW
Y{[]ZVñ:<KyPﬀDçR:@[]Z2ñZ8BDKMBNyZR:<âJBNyâJBj[ﬀ; J[D:PM; ^@CRN,; CäT^@CR:@W{;O[qNyBj[ﬀ^@CRWVc~^@K]W{BDK,ã ^@?@;O[L:<KMBq?@; U@BDC
çVA1â8KM^@?@K]:<äTäTBDK]NRå§^@K>ã ^V^@â¶; CVU:<KM;O:<C\P]Nv:<CRW¶äTBﬀPMZ8^{W¶â8KMBﬃ)HâJ^\NQPÈ[ﬀ^@CRW{; PM; ^@CRNDGj:<CRW¶[]Z8Bj[]÷@BjW
çVA#PMZ8BD; KE'î= PM^V^@ãæ$W8^@K¶NyZR:<âJB; C{å§BDKMBDCR[ﬀB@GvY{:<?@; U$BﬀP2:<ãæé êbì,â8KMBjNyBDC\PMBjW:`âR:<K]:<äc
BﬀPMBDKM;ONyBjWÑå§K]:<äTBDñq^@KM÷FG[D:<ã ã BjWPMê&G7RNy; C8?S-c~U:<ã 78BjW4ã ^@?@;O[`å§^@KMä78ãO:<B#:<CRW :<çRNQPMK]:@[P
; C\PMBDKMâ8KMBﬀP]:PM; ^@CÈæFQ:@NyBjWÎ^@CÎPMZ8Bâ8KM^@âJBDKyPM; BjN&B{âJBj[PMBjWÑ^<åW8:P]:NQPMKM7R[PM78KMBjNDG>â8KM^@?@K]:<äc
äTBDK]N1ä7RNQP2Ny78â8â8ã A:NyBﬀP¶^<åLâ8KMBjW{;O[D:PMBjNPM^PMZ8Bå§K]:<äTBDñq^@KM÷#ñZ8;O[]Zó:<KMB&PMZ8BDCó7RNyBjW9PM^
:<CR:<ã A{NyB`PMZR:P¾[ﬀBDKyP]:<; CNyZR:<âJB#; CVU:<KM;O:<C\P]N:<KMBä¾:<; C\P]:<; C8BjWvæ6^ñqBDU@BDKjG>äT^\NQPT^<åPMZ8BjNyB
PMBj[]Z8C8;Oí\78BjN1ñqBDKMB¶å§^{[ﬀ7RNyBjW9^@Có:<CR:<ã A{Ny; C8?`NyZR:<âJB; CVU:<KM;O:<C\P]NDGR:<CRWW{;OW9C8^<P¶:PyPMBDäTâ{P1PM^
PMK]:@[]÷`PMZ8BNy; ﬀDB2â8KM^@âJBDKyPM; BjN^<å[ﬀ^@äTâ8ã B$W8:P]:`NQPMKM7R[PM78KMBjNDæ*C9B8[ﬀBDâ{PM; ^@C9;ONPMZ8Bí\7R:<C{c
PM; P]:PM; U@BTNyZR:<âJB:<CR:<ã A{Ny;ON1^<åqè78?@; CR:óé ê
õ
ìñZ8BDKMB:W8:P]:eR^ñÏ:<CR:<ã A{Ny;ONñ:@N1â8KM^@âJ^\NyBjW
PM^T[ﬀ^@äTâ87{PMB¶í\7R:<C\PM; P]:PM; U@B1; C{å§^@KMä¾:PM; ^@C¾å§^@Kqâ8KM^@?@K]:<ä¾Nñ; PMZ#W{BjNQPMKM7R[PM; U@B178âFW8:PMBjNDæQqA
PMK]:@[]÷V; C8?978C8;Oí\78BâJ^@; C\P]NQcPM^óKMBﬀå§BDKMBDCR[ﬀB:<CRWÎ; P]NZ8BD; ?@Z\Pâ8KM^@âJBDKyPQA@GÈPMZ8BD; K:<ã ?@^@KM; PMZ8ä ;ON
:<ç8ã BPM^'ZR:<CRW{ã B Pêvc~ã ; ÷@B`PMKMBDB$NQPMKM7R[PM78KMBjNDæ~U@BDCÑPMZ8BDCÈG,PMZ8B9:<7{PMZ8^@KT:@[]÷VC8^ñã BjW{?@BjW
PMZ8BãO:@[]÷#^<å:¾?@BDC8BDK]:<ã>NyâJBj[ﬀ; J[D:PM; ^@C9äTBj[]ZR:<C8;ONyä å§^@K1ZR:<CRW{ã ; C8?#:<KMç8; PMK]:<KMANyZR:<âJBﬃ)Ny; ﬀDB
â8KM^@âJBDKyPM; BjNDæ
Ì
1¿>_DOH PÉh¿ﬂOﬃ&¿('@æádC :<C8^<PMZ8BDK¾W{; KMBj[PM; ^@C ^<åKMBjNyBj:<K][]ZÈGNy; ﬀDB$â8KM^@âJBDKyPM; BjNZR:HU@B#çJBDBDC
äT^\NQP&B{â8ã ^@KMBjWóå§^@K&W{Bj[ﬀãO:<K]:PM; U@BTãO:<C8?@7R:<?@BjN¾é 8GMô@ô{G|3ìq:@N¶PMZ8B`; äTä7{P]:<ç8; ã ; PQAóâ8KM^@âJBDKyPQA
ä¾:<÷@BjN1PMZ8BD; K&W8:P]:#NQPMKM7R[PM78KMBjNBj:@Ny; BDKPM^$:<CR:<ã A{NyBTNQP]:PM;O[D:<ã ã A@æÈYV; ﬀDB¾:<CR:<ã A{Ny;ONñ:@NãO:PMBDK
BVPMBDCRW{BjWTPM^&^@ç{öQBj[Pyc~çR:@NyBjWâ8KM^@?@K]:<ä¾Né ëjìJç87{Pqñ:@NKMBjNQPMKM;O[PMBjWPM^2PMK]:@[]÷V; C8?2BD; PMZ8BDKNy; ﬀDBﬀc
; äTä7{P]:<ç8ã B`^@ç{öQBj[P]N¶PMZR:P[D:<CÎçJB:<ã ;O:@NyBjWÎ:<CRWÎNy; ﬀDBﬀc~ä7{P]:<ç8ã BT^@ç{öQBj[P]N¶PMZR:P:<KMBT78CR:c
ã ;O:@NyBjWvG<ñ; PMZ¾C8^&Ny78â8âJ^@KyPå§^@K[ﬀ^@äTâ8ã BTNyZR:<âJBjNDæ1Z8B.â8â8ã ; BjWcLAVâJBYVA{NQPMBDä YL#é 0Hì
ñ:@NLâ8KM^@âJ^\NyBjWå§^@K[ﬀ^@äç8; C8; C8?â8KM^@?@K]:<ä¾Nñ; PMZâ8KM^V^<åªNDæ\ádC"YFG{W{BDâJBDCRW{BDC\PPQAVâJBjNLå§^@K
[D:<â{PM78KM; C8?óâ8KM^@?@K]:<ä; CVU:<KM;O:<C\P]N:<KMB`BVPMKMBDäTBDã AÎB{â8KMBjNMNy; U@B:<CRW4[D:<C[D:<â{PM78KMBä¾:<CVA
â8KM^@?@K]:<ä â8KM^@âJBDKyPM; BjNñ; PMZ4PMZ8B$Z8BDã â^<å¶:@[D[ﬀ^@äTâR:<CVAV; C8?â8KM^V^<åªNDæB1Ny; C8?'ã ; C8Bj:<KTã ^@?@;O[<G
Y&ä¾:HA&:<ãONy^1ZR:<CRW{ã Bä7{P]:<ç8ã BW8:P]:NQPMKM7R[PM78KMBjN,ñ; PMZTNyZR:<KM; C8?RæH6^ñqBDU@BDKjGD7RNyBDK]N,ä7RNQP
Ny78â8â8ã A¾:<ã ãJB{âJBj[PMBjW`â8KM^@âJBDKyPM; BjNDG\:<CRW¾â8KMBj[ﬀ;ONyBDã ATNQP]:PMB1ñZ8BDKMBPMZ8BDA¾:<KMBPM^çJB¶:<â8â8ã ; BjWvG
ñ; PMZ>Y â8ãO:HAV; C8?óPMZ8BKM^@ã B#^<å2:'â8KM^V^<å cd[]Z8Bj[]÷@BDKjæIL^@äTâR:<K]:PM; U@BDã A@GñqB97RNyB9:ÎäT^@KMB
ã ; äT; PMBjWÎ[ﬀãO:@NMN^<å[ﬀ^@CRNQPMK]:<; C\På§^@K&NyZR:<âJB¾:<CRW'Ny; ﬀDBT:<CR:<ã A{Ny;ONç87{PNy78â8âJ^@KyP]N¶:<7{PM^@ä¾:PMBjW
äT^{W{78ãO:<KU@BDKM; J[D:PM; ^@CÈæ
@
Uä  ´+!R.MN ´+!RÝ¿
%<T¼
T!')Q¼æ&C{å§^@ãOW*)jå§^@ãOW2PMBj[]Z8C8;Oí\78BjNÈñqBDKMBL^@KM; ?@; CR:<ã ã A17RNyBjW¶å§^@K,â8KM^<c
?@K]:<ä PMK]:<CRNQå§^@KMä¾:PM; ^@Cé !<ì&^@C â878KMBDã A å§78CR[PM; ^@CR:<ã&â8KM^@?@K]:<ä¾NDæ(Ny; äT; ãO:<K#PMBj[]Z8C8;Oí\78B
[D:<ã ã BjW$78C8KM^@ã ãÏ)HKM^@ã ãvñ:@NãO:PMBDK17RNyBjW$; C:<ã ;O:@NPQAVâJBjNé ô{êﬀìÈPM^ü¾øþRùRøﬃ'	' 
2ñ; PMC8BjNMNPMZ8B;ONy^<c
äT^@KMâ8Z8;ONyäÏçJBﬀPQñqBDBDC¾:¶KMBj[ﬀ78K]Ny; U@BLPQAVâJB:<CRW; P]N78C{å§^@ãOW{; C8?Ræ@6BDKMB@G<Bj:@[]Z78C8KM^@ã ãÏ)HKM^@ã ã{NQPMBDâ
ä7RNQPçJBä¾:<CV7R:<ã ã A$NyâJBj[ﬀ; RBjW9çVA$â8KM^@?@K]:<äTäTBDKjG{; Có[ﬀ^@C\PMK]:@NQPPM^`^@78K:<â8â8KM^\:@[]Z$ñZ8;O[]Z
:<â8â8ã ; BjN&PMZ8BjNyB$NQPMBDâRNT:<7{PM^@ä¾:PM;O[D:<ã ã AÑW{78KM; C8?óBDC\P]:<; ã äTBDC\P¾[]Z8Bj[]÷V; C8?Ræ,ádC é êﬀì~G:<C :<7{PM^<c







â8KMBjW{;O[D:PMBjNDæ5W878KyPMZ8BDKMäT^@KMB@G; PâJBDKyå§^@KMä¾NKM^@ã ã ; C8?¶çVA&78C{å§^@ãOW{; C8?
:&â8KMBjW{;O[D:PMB; C`PMZ8B¶[ﬀ^@CRNyBjí\78BDC\PqñZ8;O[]Zñq^@78ãOW¾äT;ONMNqç8; CRW{; C8?\Nq^@C`å§KMBDB1U:<KM;O:<ç8ã BjNDæî178K
78C{å§^@ãOW*)jå§^@ãOWäTBj[]ZR:<C8;ONyäÏ;ON?@BDC8BDK]:<ãG<:<7{PM^@ä¾:PM;O[:<CRW&PMBDKMäT; CR:PMBjNå§^@KZ8Bj:<âBDC\P]:<; ã äTBDC\P
[]Z8Bj[]÷V; C8?Ræ
 'ÜLÙ1ß$CyÞ8VàQÜLÙ
b'B9ZR:HU@B#â8KMBjNyBDC\PMBjW :ÎC8BDñ/:<â8â8KM^\:@[]Z4PM^ÑU@BDKM; å§AV; C8?'âJ^@; C\PMBDKyc~çR:@NyBjW4â8KM^@?@K]:<ä¾NPMZR:P
[D:<CÑâ8KMBj[ﬀ;ONyBDã AóPMK]:@[]÷'NyZR:<âJB:<CRW4Ny; ﬀDB`â8KM^@âJBDKyPM; BjNDæ!î178K:<â8â8KM^\:@[]ZÎ;ON&ç878; ã P^@C4ñqBDã ã c
å§^@78CRW{BjW'NyZR:<âJBKMBDãO:PM; ^@CRN:<CRWñqBDã ã cå§^@KMäTBjWNyBDâR:<K]:PM; ^@Có[ﬀ^@CRNQPMK]:<; C\P]Nå§KM^@ä ñZ8;O[]ZóñqB
ZR:HU@B2W{BjNy; ?@C8BjW#:¾Ny^@78CRW#â8KM^{[ﬀBjW{78KMBå§^@KZ8Bj:<â$BDC\P]:<; ã äTBDC\Pjæ$b'B2ZR:HU@B¶; äTâ8ã BDäTBDC\PMBjW$:
U@BDKM; J[D:PM; ^@C¶NyA{NQPMBDäÌPMZR:PÈ;ONÈçJ^<PMZ2â8KMBj[ﬀ;ONyB:<CRWB{â8KMBjNMNy; U@B@æLî178K>:<7{PM^@ä¾:PMBjW¶W{BjW{7R[PM; ^@C




b'BTPMZR:<C8÷PMZ8B¾KMBDUV; BDñqBDK]Nå§^@K¶PMZ8BD; K&; CRNy; ?@Z\Pyå§78ãL[ﬀ^@äTäTBDC\P]NDæZ8;ON2ñq^@KM÷9;ON2Ny78â8âJ^@KyPMBjW













nMoy´@s t\njzFgLºFgxD rxDwjt\h@zvxDtV´#uFº{Ö ºF¿m qnxﬀoQtRº2p<i&xD  OhhDm
Å
}h<´@l\ xﬀo1xDl@mQhji&xﬀmQs r2xD~|






s t\wjVxDi¸xDtV´£¢FºUqxDÐjxDi&xﬀoQs rjº4 Rhjwjs r`xDtV´

n]r]s ds hjt4uvoQhr]n´@l@oQnTOhDouvoQn´@s rxﬀmQn

































zVFxD  s t\tRzÈ~mQhjt\s x<zRp<n]k@mQn]iµ{nMo
5t)t
zº















ºÖ º 1ºRg,\s tRzRp{º gLºª\hh@zJp{º gLº}qs tRzRgLº8uFhjk{n]nx<zJxDtV´­1º 1º{qwjl@n]tRº>nMoQs  @s t\wp@xﬀOnMm













º8g,hhjÐ{ºtmQnMoQk@oQhr]n´@l@oyxDvp<VxDk{nLtVxD @ds »s mQp<n]k@|





















xDtV´uFº Ö ºV¿m qnxﬀoQtRº
{






















º1¿1ºNRn]njzT1º³xDt\w@z>xDtV´ª¶º³s ºóLl@mQhji&xﬀmQs rHnMoQs ¹VrxﬀmQs hjt'hDqk{hjs tmQnMo2k@oQhjwDoyxDi22l\ds t\w
wDoyxDi2i&xﬀod|ªµVxDdn´&dVxDk{nxDtVxD @ds ]º,tdð<l¡
Ä





º1}º @º uvxﬀoQÐ<s t\dhjt xDtV´ °1º }º
{






















x<s ´8zﬀp{º gLº}qs tRzﬀxDtV´qÖ º 1ºDg,\s tRºHLl@mQhji&xﬀmQn´ß>nMoQs ¹VrxﬀmQs hjthDVp<VxDk{n

















































º1p{º{p@xDwjs {z{qºLn]k\]zVxDtV´aº\ÖÑs  \n] iTºuvxﬀoyxDi2nMmdoQs rdVxDk{nxDtVxD @ds q<s x


























































mQ\n]ds ]zJgxﬀoQt\n]wjs n&}n]  hjt
Łqt\s HnMoQds mzt
rbr
|
º
